Lamb weaning weights at 30 f 14, 60 f 28, and 90 f 28 d were used to evaluate the effect of birth weight on the linear adjustment of weaning weight to a constant age and the effect of deviations from target dates on the accuracy of linear age adjustment. The data consisted of 13,501 birth weights, 3,721 30-d records, 10,988 60-d records, and 3,285 90d records from the National Sheep Improvement Program data base for the Dorset, Polypay, Rambouillet, Columbia, Hampshire and Suffolk breeds. The effect of using constant vs actual birth weights in a standard linear age adjustment was evaluated using various sex, type-of-birth, and breed type constants. hoduct moment and rank correlations indicated that a constant birth weight should be used when the actual birth weight is not known, but the choice of constant makes little difference in average bias or maximum adjustment error. The linear age adjustment procedure and the optimal age range for recording weaning weight were examined using a model including effects for contemporary group, sex, type of birth and rearing, age of dam, and breed. The linear age adjustment did not remove the effect of age for the small breed type @orset, Polypay, and Rambouillet breeds) at 30 d and the large breed type (Columbia, Hampshire, and Suffolk breeds) at 60 d for age ranges greater than f 7 d (P < .01) but was adequate for all lambs weaned at 30 f 7 d, 60 f 7 d, and 90 f 28 d of age.
Introduction
The primary goal of any selection program for livestock species is to maximize the rate of genetic progress for economically important traits. Much of the variation attributable to phenotypic records is environmental and must be accounted for by use of appropriate adjustment factors. Currently, the age adjustment used by the National Sheep Improvement Program (NSIP) assumes a linear rate of growth from birth to weaning. Studies in the literature using beef cattle have shown this assumption to be invalid (Johnson and Dinkel, 1951; Swiger et al., 1962; Minyard and Dinkel, 1965; Nelson and Kress, 1981; Woodward et al., 1989) . No similar studies were found in the literature for weaning weight in sheep; however, Warwick and Cartwright (1958) reported a correlation between the standard ageadjusted weight and actual 120d weight of .97 for lambs weaned form 100 and 140 d of age.
The purpose of this study was to evaluate whether linear adjustments are appropriate for sheep weaning weights to age-constant end points of 30.60, and 90 d and to determine the optimal range in age for recording 30-, 60-, and 90-d weaning weights within two breed type classifications. The effect of missing birth weights, and the substitution of subclass-specific constant birth weights, on adjustment of weaning weight to an a g e constant basis was also examined.
Materlals and Methods
Description of Data. Weaning and preweaning weights of purebred sheep recorded for 30-, 60-, and 90-d weight from 1984 to 1989 from the NSIP data base were included in the analysis. Most of the data were collected during 1987, 1988, and 1989 . The data represented flocks throughout the United States. However, the majority of the data were from farm flocks in the Midwest and Noahwest, specifically, Illinois, Indiana, Iowa, Minnesota, Missouri, Ohio, Oregon, Washington, and Wisconsin. The average flock size for purebred flocks enrolled in the NSIP is 45 ewes per flock and the median flock size is approximately 33 ewes per flock. Subclass frequencies for 30-, 60-, and 90-d weaning weight by breed and breed type are presented in Table 1 .
Breeds represented in the data include Columbia, Dorsa, Hampshire, Polypay, Rambouillet, and Suffolk. Each breed was assigned to a large-or small-breed-type category based on mature size, relative growth performance, and maternal vs paternal breed designation as All data corresponding to lambs triplet-born and raised as a single were removed from the Table 3 . Weaning weight records for lambs with recorded birth weights consisted of 3,633 30-d records, 9,472 60-d records, and 2,399 90-d records. All weaning weights were adjusted to a constant age by using the standard age-adjusted weight (AAW): standard age-adjusted weight = (weaning weight -birth weight)/(weaning age) x constant age + biah weight.
Standard ageadjusted weaning weights were contrasted with ageadjusted weaning weights calculated using birth weight constants in Table 3 or no birth weight. Each lamb was assigned a constant birth weight based on typeof-birth, sex, or breed type and combinations of type-of-birth, sex, and breed type (see Table  3 ). Product moment and rank correlations between the standard age-adjusted weights and weight adjusted by using constant birth weights were calculated for weaning at 30,60, and 90 d. The average bias, maximum adjustment emor, and mean square error were calculated for each set of birth weight constants in Table 3 . Bias was defined as the average difference between the standard AAW and the weight adjusted by using the respective constant birth weight. Maximum adjustment error was defined as the maximum positive or negative individual age adjustment error that occurred in the analysis. Mean square error was defined as the variance of (the ageadjusted weight + the bias)2.
Adjustment of Weaning Weight to an AgeConstant Basis. Actual weaning weight (ACT) and standard AAW were analyzed using the model y i m = Bi + Gj + ABk + L 1 (ageconstant age) + Q (age -constant age12 + eijklm, where yi was the actual OT AAW, Bi was the i* L type, G j was the j* contemporary group, ABk was the k* age of dam x type of biah/rearing x S~X Subclass, L1
was the linear regression of ACI7 or AAW on actual age at weaning, Q was the quadratic regression of A m or AAW on age at weaning, and eijlclrn was the random error with mean zero and variance 4. Breed type, contemporary group, and AB effects were assumed fixed. Constant age corresponds to adjustment to 30, 60, or 90 d . Contemporary group was defined as a common flock, year, season, and level of management. Lambs with unhown birth weights were assigned a constant birth weight corresponding to type of birth (see Table 3 ). Linear and quadratic effects were calculated for weaning at 30, 60, and 90 d.
A similar regression model was also analyzed across all of the data without fitting breed type. In addition, regressions were run within each of the six breeds.
Each regression analysis was repeated by increasing age ranges. Ageadjusted weight, for weaning at 30 d, was analyzed using age ranges o f f 7, f 10, and f 14 d. Ageadjusted weight, for weaning at 60 and 90 d, was analyzed using age ranges o f f 7, f 10, f 14, f 21, and f 28 d. 
Results and Discussion
Birth Weight Cunsrunrs. product moment and rank correlations between standard AAW at 30,60, and 90 d using actual birth weight vs no birth weight or constant birth weights (Table 3) were estimated to determine the influence of birth weight on the standard a g e adjustment procedure. The product moment and rank correlations increased as the age to adjustment increased from 30 to 90 d, as expected. The product moment and rank correlations between the AAW and weights age-adjusted using no birth weight were high, increasing from .975 for 30d to .996 for 90-d weaning weights. However, all correlations between the AAW and weights adjusted using any constant birth weights in Table 3 were even higher at .9!W for weaning at 30.60, and 90 d.
The average bias, maximum adjustment error, and mean square error for weight adjusted to 30, 60, and 90 d using no birth weight are presented in Table 4 . The mean bias, maximum positive error (overadjustment), and mean square error were consistently highest when birth weight was not in the adjustment equation. Maximum negative adjustment errors (underadjustment) occurred when no birth weight was used in the ageadjustment equation at 30 d and for the sex of lamb birth weight constants at 60 and 90 d. However, the differences were small compared with the potential positive adjustment error incurred when no birth weight was used. At 60 d the negative error for no birth weight was smaller than the negative errors for each of the birth weight constants. However, at both 60 and 90 d, negative adjustment errors were similar, regardless of the method used, and the maximum negative errors tended to be larger than the maximum positive errors for each of the birth weight constants, particularly at 60 and 90 d
The largest adjustment errors occurred for lambs with extremely heavy or light birth weights with weaning ages on the edge of the age range limit. For example, the 8.86-kg overadjustment, for 30-d weight shown in Table 4 , occurred for a lamb with a heavy birth weight that was weighed at 16 d of age for weight adjusted to 30 d. The maximum adjustment error decreased as age at weaning increased from 30 to 90 d. There was essentially no difference in the bias and mean square error for weights adjusted using any of the constant birth weights. These results suggest that if actual birth weight was not recorded a constant birth weight should be used in adjusting weaning weight to a constant age. This conclusion is based primarily on the level of bias and potential positive adjustment error incurred when no birth weight is used. The choice of birth weight constant, however, has little effect on the average level of bias, potential adjustment error, or mean quare error. Table 5 . This analysis included 94% of the 30-d weaning weight data. As expected, the h e a r regressions of ACT on AGE were significant across breeds, breed types, and the combined data for 30 f 7, 30 f 10, and 30 f 14 d The slopes tended to be higher for breeds included in the large breed type across analyses. No significant quadratic effects were found at 30 f 7 d in the regression of ACT on AGE and no linear or quadratic regressions for AAW on AGE (CL and Q) were significant.
Adjustment of Weaning
The h e a r regression was significant for growth from birth through 37 d of age for the These results suggest that the standard age adjustment procedure was not appropriate for the total data set or for the small breed type when weights are taken over a range of 30 f 10 d of age. These results also suggest that the standard age adjustment was not appropriate for the total data set or for the data when analyzed by breed type when weights are taken over a range of 30 f 14 d of age.
For example, the standard age adjustment procedure resulted in an average overadjust- In the analysis of ACT on AGE for weights taken at 60 f 7 d, no significant quadratic effects were found for the total data set, or for either breed type, or within breed. No significant linear or quadratic effects were found in the regression of ageadjusted weight on AGE for the total data set, or for either breed type, or within breed. These results suggest that growth from birth through 67 d of age was linear for the total data set and both breed types and that the slope of the regression from 53 to 67 d of age was not significantly different from the slope of the regression from birth to 67 d of age. Consequently, the standard age adjustment procedure was a d e quate for lambs weighed at 60 f 7 d and adjusted to 60 d of age in this data set.
Linear and quadratic regressions for A m and AAW on AGE for lambs weighed at 60 f 10 d of age are presented in Table 6 . No quadratic effects were significant in either analysis. However, the linear regression of AAW on AGE was significant for the total data set, the large breed type, and the Suffolk breed. Similar results were found in the analysis at 60 f 14 d. The linear regression of AAW on AGE was significant for the total data set (-.030 f .009), the large breed type (-.052 f .013), and the Suffolk (-.066 f .017) and Donet (.@I9 f .020) breeds. The quadratic regression of ACT on AGE was significant for Columbia (.0182 f .0067) and Suffolk (-BO51 f .oCnl) breeds. Linear and quadratic regressions for ACT and AAW on AGE for lambs weighed at 60 f 21 d of age are presented in Table 7 . The linear regression of AAW on AGE was significant for the total data set, the large breed type, and each breed except Rambouillet.
Significant quadratic effects were found in the regression of ACT on AGE in the Hampshire and Dorset breeds. A significant quadratic effect was also found in the regression of AAW on AGE in the large breed type.
Similar results were found in the analysis at 60 f 28 d. The linear regression of AAW on AGE was significant for the total data set (-.040 f .006), the large bred type (-.OM f .008), and the Hampshire (-.044 f $017) and Suffolk (-.081 f .011) breeds. The quadratic regression of ACT on AGE was not significant for either breed type or for the total data set across analyses, with the exception of the small breed type at 60 f 28 d. Significant quadratic effects were also found in the regression of ACT on AGE €or the Dorset breed (-.0037 f .W). A significant quadratic effect was also found m the regression of AAW on AGE in the large breed type (-.ooo9 f .0006).
The linear effect of age was removed by standard age adjustment procedure for the small breed type at all five age ranges. The linear effect of age was removed by standard age adjustment for the total data set and the large breed type at 60 f 7 d However, at 60 f but allows each record to be regressed from birth. This method does not rely on the assumption of constant growth rate for each lamb. The quadratic term could be deleted from the adjustment procedure in most analyses. The determination of the optimal age range for each weaning weight is based on several criteria. Age adjustment is more accurate for ages closest to the constant weaning age. However, flexibility regarding actual weaning weight measurement for lamb producers must be considered The magnitude of the linear regression of AAW on AGE should also be considered, as well as the level of quadratic effect for each subclass and the relationship between AAW and AGE.
lmpllcatlons
Sheep performance programs that adjust lamb weaning weights to an age constant should use actual birth weights. In the absence of actual birth weights, breed average constants for birth weights should be used. Although the biases are small when not adjusting for birth weight, the inclusion in the adjustment formula of an actual or breed average constant birth weight is easy. A linear age adjustment is adequate for weaning for 30 and 60 d if the window size for weighing is restricted to f 7 d. For age ranges larger than f 7 d, a regression approach to age adjustment might be more appropriate for breeds classified in the small breed type weaned at 30 d and the large breed type weaned at 60 d. The standard linear age adjustment procedure is adequate for age ranges up to f 28 d for weaning at 90 d of age.
